Background: After a stroke, movement disorders are rare manifestations mainly affecting the deep structures of the brain like the basal ganglia (44%) and thalamus (37%), although there have been case studies of movement disorders in strokes affecting the cerebral cortex also. Summary: This review aims to delineate the various movement disorders seen in association with thalamic strokes and tries to identify the location of the nuclei affected in each of the described movement disorders. Cases were identified through a search of PubMed database using different search terms related to post-thalamic stroke movement disorders and a secondary search of references of identified articles. We reviewed 2,520 research articles and only 86 papers met the inclusion criteria. Cases were included if they met criteria for post-thalamic stroke movement disorders. Case-cohort studies were also reviewed and will be discussed further. Key Messages: The most common post-stroke abnormal movement disorder reported in our review was dystonia followed by hemiataxia. There was a higher association between ischaemic stroke and movement disorder. Acute onset movement disorders were more common than delayed. The posterolateral thalamus was most commonly involved in postthalamic stroke movement disorders.
Introduction
Movement disorders can be primary (genetic) or can occur secondary to conditions like cerebrovascular disease, metabolic causes, autoimmune conditions, iatrogenic (drug-induced), neoplasms (mass effect or paraneoplastic syndromes) or trauma. Cerebrovascular diseases represent up to 22% of secondary movement disorders, and develop in 1-4% patients with strokes [1] [2] [3] . Poststroke movement disorders are rare manifestations of strokes mainly affecting the deep structures of the brain like the basal ganglia (44%) and thalamus (37%), although there have been case studies of movement disorders in strokes affecting the cerebral cortex also [1, [4] [5] [6] .
This review aims to delineate the types of thalamic strokes (ischaemic, haemorrhagic), and their temporal (acute, subacute, delayed) association with different types DOI: 10.1159/000490070 of movement disorders. Using neuroimaging data, we also tried to identify the thalamic areas and nuclei that give rise to movement disorders in thalamic strokes and their relative frequency of involvement that can be helpful in better understanding the internal thalamic circuitry as well as its connections with other brain structures (cerebral hemispheres, basal ganglia and brainstem).
Thalamus: Anatomy and Physiology
Thalamus is an important subcortical structure made up of various nuclei that relay information between the cerebral cortex and brainstem, cerebellum and the spinal cord. It is divided into anterior, lateral and medial parts by the Y-shaped internal medullary lamina (Fig. 1) . The lateral part is subdivided into a ventral and dorsal tier. The ventral tier nuclei (ventral anterior nucleus and ventral lateral nucleus) have important connections with basal ganglia and cerebellum [7] . The intralaminar nuclei are known to influence the activity of corpus striatum. The midline structures of thalamus are a part of a complex circuitry-involving cerebellum, basal ganglia, cerebral cortex and red nucleus. Damage to these nuclei and their connections can give rise to abnormal involuntary movements [8] .
The important connections of thalamus that play a role in the generation of abnormal involuntary movements are as follows [9] :
1. The Globus Pallidus interna (GPi) sends inhibitory projections (GABAergic) to ventroanterior and ventrolateral nuclei of thalamus that send excitatory projections (presumably glutamate) to the prefrontal and premotor cortex (Fig. 2) .
2. The intralaminar nuclei of thalamus send excitatory inputs (glutaminergic) to the striatum (thalamostriate pathway).
3. A complex pathway from intermediate zone of cerebellar hemisphere to thalamus helps coordinate reciprocal contractions of agonist and antagonist muscles in the peripheral musculature (Fig. 3) . 4 . The cerebellar pathway from the dentate nucleus projecting to the motor cortex via thalamus has a vital role in performing smooth, coordinated and purposeful patterned movements of agonist and antagonist muscles of the distal limb musculature. It plays an important role in the planning and programming of movements (Fig. 3) .
Thalamus receives its blood supply via the branches of posterior cerebral artery, basilar artery and posterior communicating artery [7] . Strokes affecting the aforementioned projections and nuclei or the vessels giving them blood supply can result in abnormal involuntary movements. They can be ischaemic (due to large vessel disease or small vessel lacunes) or haemorrhagic. Lacunes are common in lateral thalamus that receives its blood supply from the thalamogeniculate group of arteries [10] . This region includes the somatosensory nuclei (ventroposteromedial, ventroposterolateral), ventroanterior nucleus and the ventrolateral nucleus that receive the motor projections. There are reports of movement disorders in thalamic strokes in the territory of polar arteries (tuberothalamic arteries) that supply the paramedian thalamus [10] . Haemorrhages in posterolateral thalamus in the territory of thalamogeniculate arteries are the most com- mon and largest type of thalamic hematomas [10] . This may explain the frequent occurrence of abnormal involuntary movements in thalamic haemorrhage. Thalamic strokes can cause acute movement disorders through the disruption of important connections and fibres. They can result in delayed movement disorders due to the effects of cerebral plasticity. For example, a thalamic infarct in the hand area of the cerebellar projection may lead to reappearing of the hand area in the adjacent undamaged area with some recovery of the smooth and coordinated movements. However, this recovery may also be associated with the development of aberrant connections between the remaining nuclei that can generate abnormal involuntary movements.
The abnormal movements described in various case studies and case reports include dystonia, chorea, tremor, hemiataxia, myoclonus, oromandibular dyskinesias and asterixis that can be isolated or may remain as a com- bination [1, [3] [4] [5] . The development of a multitude of abnormal movements suggests that the internal circuitry of thalamus is highly organized and complex and studies are required to elucidate the exact nature of this circuitry. The abnormal movements can be an acute manifestation of the tissue injury caused by stroke or may be delayed because of the degeneration of original tracts and connections between various thalamic nuclei, and thalamus and other brain structures along with development of new and aberrant connections and plastic changes in thalamic organization. Post-stroke movement disorders can be either hyperkinetic or hypokinetic due to changes in neurotransmitter concentration and post-stroke modulation.
Methods
We searched PubMed on August 19, 2017 with a number of keywords related to post-thalamic stroke movement disorders. The search yielded 2,520 articles that included articles in English and other languages. The articles generated by the keyword search were reviewed and the references generated through these articles were also reviewed. Eighty-six articles met the inclusion criteria that included 47 case reports, 15 case series of up to 5 patients and 24 case series of more than 5 patients. The different movement disorders were defined as:
Dystonia: Dystonia is a movement disorder characterized by sustained or intermittent muscle contractions causing abnormal, often repetitive, movements, postures. Dystonic movements are typically patterned, twisting, and may be tremulous. Dystonia is often initiated or worsened by voluntary action and associated with overflow muscle activation [35] .
Hemiataxia: It is characterized by limb incoordination with dysmetria, hypermetria, intention tremor and dysdiadokinesia [36] .
Chorea: Chorea is defined as involuntary, irregular, purposeless, nonrhythmic, and non-patterned movements that flow randomly from one part of the body to another [37] .
Tremor: Tremor is defined as a rhythmical, regular, sinusoidal oscillation of a body part [37] .
Vascular parkinsonism: Parkinsonism as a condition characterized by weakness and slowness of movement accompanied by general rigidity of a non-pyramidal type along with certain features that allowed clinical distinction, including the absence of resting tremor and the presence of dementia and pyramidal signs suggesting a vascular aetiology like stroke [37] .
Asterixis: It is a type of negative myoclonus characterized by sudden, brief jerks caused by sudden, brief lapses of muscle contraction in active postural muscles [37] .
Athetosis: Athetosis refers to slow, writhing, continuous movements predominantly of distal extremities [37] .
Myoclonus: Myoclonic jerks are sudden, brief, shock-like involuntary movements caused by brief muscle contractions (positive myoclonus) or inhibitions (negative myoclonus, or asterixis) [37] .
Ballism: Ballism or ballismus consists of repetitive, but constantly varying, large amplitude involuntary movements of the proximal parts of the limbs [37] .
Jerky dystonic unsteady hand: It is a delayed hyperkinetic syndrome that presents predominance of myoclonus, dystonia, tremor or choreoathetotic movements but always in a mixed complex presentation [38] .
Pseudochoreoathetosis: It is characterized by piano-playing movements of the fingers on an outstretched hand and is attributed to a profound loss of proprioception [39] .
Myorhythmia: It consists of fast repetitive contractions that may involve a single muscle or group of muscles. Unlike tremor, they are not completely regular and are slower at about 1-3 Hz [37] .
Clonic perseveration: Clonic perseveration describes the inappropriate repetition of an action, once initiated, in the absence of an on-going cue; the ability to change in response to a new cue is preserved [40] .
Stereotypy: Stereotypies consist of purposeless, suppressible, coordinated movements that repeat themselves continually and identically [37] .
Akathisia: Akathisia refers to a feeling of inner restlessness, which is relieved by moving [37] .
Paroxysomal kinesigenic dystonic choreoathetosis: Paroxysmal kinesigenic dyskinesia is characterized by attacks of chorea, athetosis or dystonia, which are provoked by a sudden movement or startle, last less than 5 min, usually only seconds, and are unassociated with impairment of consciousness. Between-attacks examination is usually normal. The essential features are that they are induced in this way and are brief [37] .
Restless leg syndrome: Restless leg syndrome is characterized by unpleasant lower limb sensations, which occur mainly at night and particularly in bed. They are present at rest and are temporarily relieved by movement of the legs, and force the affected individual to restlessly move the legs about in order to attempt to obtain relief [37] .
Results
Eighty-six case reports and studies were reviewed with 341 cases [1, 3, 11-20, 22-30, 32-34, 36, 38, 39, 41-99] . There were 139 men and 117 women, and the data on sex of the patients was not available for 85 cases. The onset was acute in 131 cases, subacute in 21 cases and delayed in 97 cases ( Table 1 ). The data on onset was lacking in 92 cases. The stroke type was ischaemic in 255 cases, haemorrhagic in 70 cases and the type of stroke was not mentioned in 16 cases. On imaging studies used to localize the stroke, thalamus was involved in all 341 cases. In 13 case studies, only CT scan was performed, in 30 case studies, only MRI was done and in 21 case studies, both CT scan and MRI were performed. In the remaining number of case studies, either a CT scan or MRI was done. In one of the studies, the neuroimaging study performed was not mentioned. Along with the thalamus, acute or chronic le-Eur Neurol 2018;79:303-314 DOI: 10.1159/000490070 sions were noted in the internal capsule, subthalamic region, basal ganglia, cerebellum, brainstem and cerebral hemispheres in some of the cases as described in Table 2 . The patients who had lesions outside the thalamus also presented with various neurological deficits. Patients with lesions in the internal capsule had the neurological findings of hemiparesis, hemihypesthesia (that included loss of all sensations or loss of only touch, vibration or proprioception), upper motor neuron seventh cranial nerve palsy and dysarthria. Patients with lesions in cerebral hemisphere were noted to have hemiparesis, hemihypesthesia (that included loss of all sensations or loss of only touch, vibration or proprioception), upper motor neuron seventh cranial nerve palsy, dysarthria, aphasia and hemianopsia. Brainstem lesions presented with signs like third cranial nerve dysfunction, altered mental status, supranuclear gaze palsy, upward nystagmus, pseudoabducens palsy or vertical gaze palsy. Cerebellar lesions presented with dysarthria or dysmetria on finger-to-nose testing. The nucleus was identified according to classification given in the atlas of Hassler and the corresponding classification in Hirai and Jones [100, 101] . (14) . Some other types of movement disorders were also described, but the number of cases of each one of them was less than 10. These included jerky dystonic unsteady hand (6), pseudochoreoathetosis (6), myorhythmia (4), clonic perseveration (4), stereotypy (2), bilateral eyelid tremor (1), cerebellar syndrome (1), hemiakathisia (1), jerky dystonia of shoulder (1), orofacial dyskinesia resembling neuroleptic induced tardive dyskinesia (1), paroxysomal kinesigenic dystonic choreoathetosis (1) and restless leg syndrome (1).
Dystonia
One hundred and two cases of dystonia were described with isolated dystonia in 32 cases and in combination with other movement disorders (chorea, athetosis, tremor, myoclonus, myorhythmia, ballism, stereotypy, parkinsonism, ataxia and asterixis) in 70 cases. The body distribution of dystonia was focal (51), hemi (7), bilateral (6), segmental (3) or multifocal (2) . One case of segmental dystonia resembled Meige's syndrome [92] . Dystonic spasm was reported in one case and myoclonic dystonia was reported in 5 cases [49, 72] .
Hemiataxia
Seventy-two cases of hemiataxia were described. Hyperesthetic ataxic hemiparesis was described in 8 cases, hyperesthetic hemiataxia was described in 24 cases, ataxic hemiparesis was described in 11 cases and sensory hemiataxia was described in 5 cases [14, 42, 46, 47, 50, 51, 54, 55, 58, 88, 102] . Isolated hemiataxia was described in 3 cases. Other movement disorders described in association with hemiataxia were asterixis, rubral tremor and dystonia.
Chorea
There were 70 cases of chorea and majority of them (68) were hemichorea. Isolated hemichorea was observed in 17 cases and in 51 cases other movement disorders were also present.
Tremor
Sixty-nine cases of tremor were described, which was isolated in 21 cases and in combination with other movement disorders in 48 cases. In 7 cases, there was improvement or disappearance of tremor following thalamic stroke [45, 48, 73, 78, 82, 86, 98] . Bilateral tremor was reported in 2 cases. Types of tremors described were resting, postural, action and intention, either alone or in combination.
Vascular Parkinsonism
Fifty-five cases of vascular Parkinsonism were identified. Among them, 51 cases were a part of a large study on association of cerebral small vessel disease with vascular Parkinsonism [96] . In this study, significant association was found between mixed lacunar infarcts (involving both basal ganglia and thalamus) and gait/balance dysfunction and bradykinesia. There was a significant association between cerebral microbleeds and mild Parkinsonism signs. However, no particular area or nucleus of thalamus was identified. Parkinsonism signs were believed to have appeared due to the disruption of connections of basal ganglia-thalamo-frontal cortical circuits. In one case, parkinsonism was associated with dystonia. In 2 cases, parkinsonian resting tremor and parkinsonism disappeared following thalamic infarction.
Asterixis
Thirty-seven cases of asterixis were identified. Isolated asterixis was present in 25 cases, associated hemiataxia was present in 11 cases and dystonia was present in one case.
Athetosis
Thirty-five cases of athetosis were reported. The associated movement disorders were chorea (31), dystonia (31) and action tremor (24) . No case of isolated athetosis was reported.
Myoclonus
Fifteen cases of myoclonus were identified, which was isolated in 3 cases and associated with other movement disorders in 10 cases. One case of myoclonus presenting as startle syndrome and one case of palatal myoclonus with right arm myoclonus were reported. Interestingly, the case with palatal myoclonus lacked a midbrain lesion.
Ballism
Fourteen cases of ballism were described. A single case of monoballism of right leg was reported and all other patients had hemiballism, which was isolated in one case and associated with other movement disorders in 12 cases. Other Movement Disorders There were reports of movement disorders that were previously unreported in thalamic strokes and the number of cases of each of them was less than 10.
Thalamic Regions and Nuclei Involved in Movement Disorders
The most common thalamic region involved was posterolateral and the most common nucleus involved was ventrolateral followed by ventroposterior (Tables 3, 4) . Dystonia was most commonly involved with the posterolateral part of the thalamus and the most frequently involved nucleus was ventroposterior. The lateral thalamus was the most frequently involved part with hemiataxia and the most commonly involved nucleus was ventrolateral. The most frequently involved thalamic region for chorea was posterolateral and the most frequently involved nuclei were ventroposterior and ventrolateral. Tremor was most frequently involved with the posterolateral part, and the most frequently involved nuclei were ventroposterior and ventrolateral. The most frequently involved nuclei with asterixis were ventrolateral and ventroposterior. In the ventroposterior nucleus, the lateral part (ventroposterolateral) was more frequently involved. There was no isolated lesion for athetosis, but the ventroposterior and ventrolateral nuclei were the most frequently involved. The centromedian, ventroposterior and ventrolateral were the most frequently identified nuclei in myoclonus. No thalamic regions or nuclei were identified in particular for ballism. The other movement disorders had involvement of different thalamic areas and nuclei.
Discussion
In our review, there were 102 cases of dystonia, 72 cases of hemiataxia, 70 cases of chorea, 69 cases of tremor, 55 cases of vascular Parkinsonism, 37 cases of asterixis, 35 cases of athetosis, 15 cases of myoclonus and 14 cases of ballism. The onset was acute in 131 cases, subacute in 21 cases and delayed in 97 cases. The data on onset was not available in 92 cases. Kim [79] reported 35 patients with mixed involuntary movements and the onset was delayed in all the cases. In the study of Alarcon et al. [3] , the onset of abnormal movements was within 4.3 days of stroke in 20 patients with chorea and after 15 days of stroke in 36 patients with dystonia (16), tremor (14) and parkinsonism (6) . In our review, acute onset movement disorders were more common than delayed. This is consistent with the study of D'Olhaberriague et al. [15] , where 19 out of 22 patients had acute onset of abnormal movements. This may be due to a late-look bias and under-reporting of abnormal movements in the acute phase of stroke due to the late presentation of patients at the healthcare facility. Another explanation can be a recall bias due to the poor recollection of the presence of abnormal movements in the acute phase of stroke by the patients and these movements thereafter subsided spontaneously. Alarcon et al. [3] reported chorea and D'Olhaberriague et al. [15] reported hemichoreahemiballismus as the most common acute abnormal involuntary movements. In our review, dystonia was the most common post thalamic stroke movement disorder; however, the most common acute movement disorder was hemiataxia and the second most common was asterixis.
The type of stroke as identified in our review was of the ischaemic type in 255 cases and haemorrhagic in 70 cases; the data on the type of stroke was lacking in 16 cases. This was in contrast to the study reported by Kim [79] , where thalamic haemorrhage was more common in post-stroke movement disorders. However, our findings are consistent with those of the Lausanne stroke registry, where post-stroke movement disorders had a greater association with thalamic infarcts [1] . The findings in our review are also consistent with those of the review of Mehanna and Jankovic [2] , where a higher association between ischaemic stroke and movement disorders was reported. In our review, the onset of movement disorders was acute in 104 cases, subacute in 16 cases, delayed in 70 cases and not specified in 65 cases of ischaemic stroke. Based on this information, we hypothesize that acute disruption of tracts between thalamus, basal ganglia and cerebellum may be the main pathogenic mechanism for the generation of movement disorders in thalamic infarcts. In haemorrhagic lesions, the onset was acute in 25 cases, subacute in 5 cases, delayed in 23 cases and not specified in 17 cases. Hence, we could not establish a definite association.
We will now discuss the movement disorders in detail. The most common reported movement disorder was dystonia and focal dystonia was the most common type. Dystonia when present in combination with other movement disorders was most commonly associated with tremor and chorea. In these cases, the most common region affected was the posterolateral thalamus, and the lesion was localized to ventroposterior and ventrolateral nuclei in the majority. These findings are consistent with those reported by Kim [79] . In our review, the centromedian nucleus was involved in 21 cases of dystonia. In the study of Lehericy et al. [49] , it was involved in all cases of thalamic dystonia. The centromedian nucleus is a part of the intralaminar nuclei that project to striatum and form the thalamostriate pathway [8] . This nucleus is considered a negative regulator of cortico-striato-pallido-thalamo-cortical loop with inhibitory influences on ventro lateral nucleus [103, 104] . The centromedian nucleus receives inputs from pedunculopontine nucleus and the lesions of these fibres can result in dystonia [105, 106] . In recent studies, the pedunculopontine complex has been shown to affect the ventrolateral nuclei of thalamus [107] . Hence, lesions affecting this nucleus can result in increased thalamocortical drive and hence, play an important role in thalamic dystonia. Recently, Neychev et al. [108] proposed a network model for dystonia and suggested cerebellar dysfunction as a key component of this model. As mentioned previously, the motor part of cerebellum is responsible for smooth and coordinated movements of agonist and antagonist muscles in distal limb musculature and it sends projections to thalamus [9] (Fig. 3) . In line with this model, damage to the cerebello-thalamic projections can lead to an imbalance between agonist and antagonist muscles leading to dystonia.
Hemiataxia was the second most common movement disorder and the most common acute movement disorder following thalamic stroke. This is in contrast to the studies of Alarcon et al. [3] and D'Olhaberriague et al. [15] , where chorea and hemichorea-hemiballismus were reported as the most common acute movement disorders respectively. Hemiataxia was described as ataxic hemiparesis, hypesthetic hemiataxia, hypesthetic ataxic hemiparesis or sensory hemiataxia [14, 41, 42, 46, 47, 50, 51, 54, 55, 58, 63] . Dobato et al. [14] reported 5 patients with sensory ataxic hemiparesis following thalamic haemorrhage, where all patients had loss of deep sensations like joint and position sense.
Chorea was described in 70 cases and was the third most common movement disorder in our review. It was acute onset in 24 cases and delayed onset in 21 cases. The onset was subacute in 3 cases and not mentioned in 22 cases. The most common thalamic region involved was posterolateral. The most common thalamic nuclei involved were ventroposterior and ventrolateral. In our review, there were 14 cases of ballism. However, no thalamic region or nucleus was found to be particularly associated with ballism. Chorea and ballism were the most commonly identified in lesions of subthalamic nucleus in the review of Lee and Marsden [21] . D'Olhaberriague et al. [15] reported that hemiballism-hemichorea were most commonly associated with thalamic lesions in their series. The GABAergic fibres from the basal ganglia pass via the ventrolateral nucleus and hence, ultimately to the motor cortex. Acute lesions of these fibres may cause the disinhibition of the thalamus resulting in the hyperkinetic movement disorder of chorea-ballism. In our review, there were also delayed cases of chorea-ballism following thalamic stroke. The disruption of the GABAergic fibres can explain the reason for acute chorea, but what is not known is the type of neuroplastic changes that take place in thalamus following stroke, which lead to delayed movement disorders. It has been hypothesized that the regenerated neurons release a different neurotransmitter or lead to the generation of an excitatory foci that causes the chorea-ballism [15] .
Tremor was described in 69 patients. Tremor was isolated in 21 patients and associated with other movement disorders in 48 patients. No case of isolated tremor following thalamic stroke was reported by Lee [21] (62 patients) and Kim [79] (35 patients) in their respective studies. Mehanna and Jankovic [2] reported isolated tremor as a rare occurrence. Our observation was different from these previously reported findings. The most common type of tremor in our review is action tremor (33 cases) followed by rubral tremor (12 cases). Stroke affecting dentate-rubro-thalamic tract may be responsible for them. Tremor and dystonia frequently occurred together (41 patients) and the posterolateral thalamus was the most common region affected. Like in dystonia, ventroposterior and ventrolateral nuclei were most frequently involved in the production of tremor. Based on these findings, we hypothesized that the lesions in these cases probably involved large areas of posterolateral thalamus. This is because dystonia and tremor were also reported as isolated findings. If these movements are present as isolated findings, then the fibres that are affected are also present in certain pockets in ventrolateral and ventroposterior nuclei. Only when the lesion is large enough, these movement disorders can be produced in combination. Future functional studies are required to localize these pockets in the aforementioned nuclei. Most cases of dystonia and tremor had delayed onset. This makes us believe that plastic changes, neurodegeneration and the formation of aberrant connections in thalamus with alteration in neurotransmitter modulation following stroke may be the main mechanism responsible for these movement disorders.
Vascular parkinsonism was described in 55 cases out of which 51 cases were part of a single large study on the appearance of mild parkinsonian signs post-stroke [96] . Hatate et al. [96] reported that mixed lacunar infarcts and deep cerebral bleeds involving basal ganglia and thalamus were associated with mild parkinsonism, gait disturbances and bradykinesia. However, there was no data on the affected thalamic region and nuclei. In the cortico-basal ganglia-thalamo-cortical loop, the GPi sends basal ganglia output to thalamus and then fibres from thalamus project to the motor cortex. The fibres from GPi pass through the ventroanterior and ventrolateral nuclei of thalamus before projecting to the motor cortex. Hence, lesions affecting these tracts can result in the appearance of signs of vascular parkinsonism. In acute stroke, the infarct or haemorrhage can damage the projections from GPi to thalamus and cause vascular parkinsonism. Delayed vascular parkinsonism can result from neurodegeneration with loss of GABAergic neurons and projections from basal ganglia to thalamus resulting in decreased disinhibition of thalamus and hence, reduced thalamocortical drive. We put forth these theories based on our current knowledge of the basal ganglia-thalamic circuitry and further studies are required to test these hypotheses.
There were 37 cases of asterixis [77, 80] . Thirty-four cases had an acute onset following thalamic stroke and most of the cases resolved spontaneously over a period of 10 days. We found that asterixis had a higher prevalence than reported in previous studies. This observation is consistent with that made by the Lausanne stroke registry that the prevalence of unilateral asterixis is underestimated and has to be looked for and recognized in the acute phase of stroke [1] . One possible reason for the underreporting can be the presence of a late-look bias. Asterixis is a transient phenomenon that generally subsides over a week, that is, about 10 days. Patients often do not present in the acute phase of stroke and hence, the asterixis may have resolved by the time the patient presents to the healthcare facility. Another reason can be the presence of a recall bias as the patient may focus on the more pronounced manifestations of hemiparesis, facial deviation or speech deficits and hence, may not notice the subtle asterixis. Kim [80] attributed the discrepancy to the fact that not every patient is examined with outstretched hands. However, this seems unlikely as patients are generally examined with outstretched hands to look for the presence of drift. The most common nucleus affected in asterixis was the ventrolateral nucleus. Hence, the cerebello-rubro-thalamo-cortical projections may play a role in the pathophysiology of asterixis as reported by Kim [80] and Tatu [77] , who attributed the appearance of asterixis to loss of postural control.
Athetosis was present in 35 cases, but all were associated with dystonia or chorea. Since, isolated cases of athetosis have not been reported, it is difficult to explain the exact pathogenesis of athetosis. In the case series pub-lished by Kim [79] , athetosis was attributed to the loss of proprioception. The lesion of the ventroposterior nuclei can explain this. However, no motor pathway has been clearly defined in the lesions of athetosis. Further studies using animal models and imaging studies are required to further elucidate the pathogenesis of athetosis.
There were 15 cases of myoclonus and the nuclei involved were centromedian (9), ventrolateral posterior (9) and ventroposterior (9) . The type of myoclonus in these cases was probably subcortical. Some insight as to how the above-mentioned nuclei can cause myoclonus can come from myoclonus-dystonia syndrome, where the involvement of basal ganglia has been speculated. The centromedian nucleus is a negative regulator of the cortico-pallidostriato-pallido-thalamo-cortical loop and inhibits the ventrolateral nuclei of the thalamus [109] . Lesions of the centromedian nucleus result in the withdrawal of the negative influence this nucleus has on the ventrolateral nuclei that can lead to generation of hyperkinetic movement disorders like dystonia and possibly myoclonus. However, if this is true, then every case of dystonia should be associated with myoclonus, but that is not the case. Hence, the missing dots in this puzzle should be joined to understand the pathophysiology of subcortical myoclonus, especially myoclonus seen in basal ganglia and thalamic lesions.
In our review, posterolateral thalamus was involved in a maximum number of cases, which is consistent to the observation of Kim [79] . The ventrolateral (109 cases) and ventroposterior (ventrocaudal) nuclei (100 cases) had the highest frequency of involvement. The centromedian nucleus was also involved in a significant (33 cases) number of cases. Lehericy et al. [24] reported the involvement of the centromedian nucleus in a significant number of cases of dystonia and myoclonus. Further studies are required to elucidate the role of this nucleus in postthalamic stroke movement disorders.
Summary
The following are some important observations from our review: 1. The most common abnormal movement disorder in our review was dystonia followed by hemiataxia. 2. There was a higher association between ischaemic stroke and movement disorder. 3. Acute onset movement disorders were more common than delayed. 4. The most common acute movement disorder was hemiataxia. 5. The second most common acute movement disorder was asterixis that had an unusually high frequency than previously thought and should be looked for in patients following acute stroke. 6. The posterolateral thalamus was most commonly involved in post-thalamic stroke movement disorders followed by lateral and posterior thalamus. 7. The ventrolateral nuclei had the highest frequency of involvement.
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